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A number of barriers exist which prevent the
widespread integration ofpractice guidelines with elec-
tronic medical record systems. These include depen-
dencies on clinical databases, as well asproblems with
converting existing guideline specifications into com-
putable rules. We are developing the MBTA (Model-
ing Better TreatmentAdvice) practice guideline system
which uses a distributed client-server architecture and
an object-oriented data representation to supportprac-
tice guidelines usable by different electronic medical
record systems. We describe the structure and orga-
nization of MBTA, focusing on how an open systems
design, combined with principles of guideline imple-
mentation, can be used to provide a general purpose
guideline serverfor use by a variety of clinical work-
stations.

INTRODUCTION
Clinical practice guidelines are playing an increasing

role in medical practice, but their full potential for
improving care has not yet been realized. One reason
for this is that simple guideline dissemination, without
integration into the process of care delivery, has not
been shown to impact the behavior of clinicians [1,
2]. However, previous studies have demonstrated that
reminders to clinicians at the time they are making
clinical decisions can result in increased compliance
and improved care [3-5]. Electronic medical record
systems have the potential of making a great impact
in the increased utilization of guidelines, since these
systems are often used by clinicians at the time care
is delivered. However, there are a number of barriers
which must be overcome to integrate guidelines within
these systems.
One barrier to implementing guidelines for clinical

workstations is, as McDonald has pointed out, that
some guidelines are more 'decidable' than others [6].
Decidable guidelines are easier to integrate with work-
stations since they tend to have well defined algorithms,
standard clinical vocabularies, and use parameters typ-
ically found in a clinical database. However, since
guidelines are not written with computer implementa-
tion in mind, most guidelines have components which
present barriers to workstation integration. Designers

who integrate existing guidelines must make assump-
tions about poorly specified or ambiguous aspects of
the guideline [7].

Existing electronic medical record systems which
support clinical alerts and reminders, such as HELP [8]
and the Regenstrief Medical Record System [9], tend
to be highly dependent upon the vocabulary and data
structures of a particular clinical database. Because of
the close coupling between the database and guideline
rules, it is difficult for a given set of rules to be used
by a database different from the one for which it was
designed [10].
To address these problems, we are developing the

MBTA (Modeling Better Treatment Advice) guideline
server. MBTA uses a client-server architecture, where
a client such as a clinical workstation or World Wide
Web (WWW) interface program, connects to anMBTA
server and enters into a series of transactions. After re-

ceiving an initial set of data from the client, the server
executes a series of modules encapsulating guideline
rules to produce a set of frame-like data objects. An
explanation facility then uses the contents of those ob-
jects to produce a text explanation which is returned to
the workstation. To illustrate the function of MBTA,
we will use examples from a WWW expert system
based on portions of the AHCPR Urinary Incontinence
in Adults guideline [11] and a cholesterol guideline
module based on the National Cholesterol Education
Program (NCEP) guideline [12].

MBTA OVERVIEW
There are three basic elements which comprise the

core of MBTA: object groups, modules, and explain-
ers. Object groups represent MBTA's structured data
model, while modules are the procedural elements
which execute guideline logic. An example system
which shows the relationship between modules and
object groups is shown in Figure 1. This represents an
MBTA system which implements pneumococcal and
cholesterol guidelines, and interfaces to either aWWW
browser or clinical workstation. In this example, either
the clinical workstation or a WWW interface module
creates a set of object groups (such as 'Family History')
which are used as input by the modules which imple-
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Figure 1: MBTA system showing data flow and rela-
tionships between modules and object groups.

ment the guidelines. Each guideline module uses the
contents of these object groups along with guideline
logic to generate one or more object groups as output.
Some of the object groups created by modules (such
as 'Cholesterol Risk-Factors') are used as input by other
modules. The relationship between object groups and
modules form a directed acyclic graph which is used
to determine the order in which modules are executed.
That is, modules are executed starting at the bottom
of the graph, progressing upward. The primary result
of this is the creation of the object groups 'Pneumococ-
cal Vaccine Recommendations' and 'Cholesterol Recommenda-
tions.' Both of these contain structured data which is
used by the last basic component: explainers.

Explainers are a special type of module which use
the contents of object groups to generate prose expla-

nations. They are run after a set of modules have been
executed. This prose output is then passed back to the
client for display. The overall schema is that modules
are executed in a bottom-up fashion, followed by a top-
down explanation. We will now describe each of the
basic components in more detail.

Data Model
One of the more difficult aspects of developing a

guideline server is choosing an underlying data model
which is robust and adaptable to a wide variety of clin-
ical information systems. There is no perfect model,
and any choice involves a number of compromises.
Our representation is based on aprototype-instance ob-
ject model [13]. In this model, objects are frame-like
collections of slot-value pairs. A simple inheritance
mechanism is provided, but not necessary for most
clinical data representation. In MBTA, a set of objects
which have a related purpose are collected into object
groups. Each object within an object group contains
one or more slot-value pairs. Values may consist of
numbers, strings, other objects, or lists of any of these.
Additionally, each value, list, or item within a list, may
contain a temporal value, or set of attributes. MBTA
uses a simple syntax for representing the contents of
object groups. For example, here is an object group
generated by a cholesterol risk factor module to char-
acterize a patient's risk factors:

object-group Cholesterol-Risk-Factors {
object number-of-factors

maximum 4
minimum 3
number-known 3
two-or-more true;

object risk-factors
known [MALE-GE-45 DIABETES HDL-LOW
unknown [FAMILY-HX-CHD];

object desired-data
wanted-items [FAMILY-HX-CHD]
wanted-objects [Family-History.Premature-CHD.status]; }

This object group contains three objects. The first,
'number-of-factors,' describes characteristics about the
number of cholesterol risk factors a patient has. The
actual number of possible risk factors is a range be-
cause some factors may be unknown. Therefore, both
the number known, as well as the range boundaries are
specified. Because the NCEP Cholesterol guideline
rules concerning risk factors are based on two or more
risk factors being present, this information is placed
on the slot 'two-or-more.' The object 'risk-factors' con-
tains two slots, each containing a vocabulary list of
-all known or unknown risk factors. The 'desired-data'
object contains slots about data items which are un-
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Figure 2: Overview of World Wide Web interface to Urinary Incontinence Guidelines showing explainer output.

known. These are provided primarily for feedback to
a clinical workstation for possible clarification. The
'wanted-items' slots contains this information as a list
of vocabulary terms, while 'wanted-objects' is a list of
MBTA object names where the missing data items are
normally stored.

Temporal data in MBTA is represented either as time
stamps, time intervals, or durations. In MBTA object
notation, temporal values are indicated by following an
object value, or component of an object value (list or
list member), with '<t: temporal-value>.' An example
set of LDL cholesterol values might be represented as:

object-group Laboratory {
object Cholesterol-LDL = [1 10<a:fasting><t:1995-03-12>

1 05<a:fasting><t: 1 995-02-28>
114<a:fasting><t:1 995-01-28>]; }

Additionally, each value or list item can have a set
of attributes. Each attribute consists of a name and
optional value. Attributes without values denote the
presence or absence of a condition, such as '<a:fasting>'
to denote if a lab was obtained while the patient was
fasting.

Modules
In MBTA, the object groups described above are

used as input and output to a set of procedural ele-
ments, termed modules. There is no specific syntax
for modules, the only requirements are that each mod-
ule declares which object groups it uses for input and
output. We have not defined a particular module syn-
tax because we do not feel that any single syntax is

expressive enough to represent the entire domain of
guidelines. Rather, we created a set of interface li-
braries allowing various languages and programs to be
called as modules from MBTA. These libraries provide
a convenient method to map between MBTA object
groups and the native data structures available for each
particular language or program. Currently, we have im-
plemented interface libraries to C++, the CLIPS expert
system, and a variant of Common Lisp.

Explainers
Another primary component of MBTA are explain-

ers. Explainers are a special type of module whose
purpose is to take an object group, or collection of ob-
ject groups, and produce a text explanation using the
contents of those groups. Explainers are called only
after all pertinent modules have been executed.
To illustrate explainers we use an example from an

MBTA system we developed which allows clinicians
to input patient specific history and physical findings
using aWWW forms interface and receive advice relat-
ing the patient's findings to possible causes of transient
urinary incontinence. The overall sequence is shown
in Figure 2. In this example, the clinician selects the
shaded items and submits them to a Common Gateway
Interface (CGI) program which converts the Hypertext
Mark-Up Language (HTML) forms data to an object
group. This program then connects to anMBTA server,
transmits the object group, and tells the severto execute
the 'Urinary Incontinence Module.' This module interfaces
with a set of production rules which determines a set of
'root causes' of transient incontinence from the clin-
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Figure 3: Overview ofMBTA Client-Server Organization.

ician's input. These root causes are encapsulated in
the 'Incontinence Root Causes' object group, a portion of
which is shown here:

object-group Incontinence-Root-Causes {
object rc-LIST

members [rc-atrophic-urethritis-vaginitis
rc-expanded-volume-states
rc-reduced-bladder-contractility];

object rc-atrophic-urethritis-vaginitis
symptoms [sy-urgency sy-dysuria];

object rc-expanded-volume-states
explained-by [dc-edema-inducing];

object rc-reduced-bladder-contractility
explained-by [dc-ca-channel-blockers];

object dc-edema-inducing
has-Druginstance [di-nifedipine];

object di-nifedipine
has-DrugClass [dc-edema-inducing

dc-ca-channel-blockers]; }

All of the root causes are placed in the 'members'
slot of the 'rc-LIST' object. Each element of this list
is also the name of an object. The reason a particular
root cause was selected is denoted by the slots of its
associated object. For example, reduced bladder con-
tractility is a root cause because the patient is on a drug
(nifedipine) from an edema inducing drug class. In this
example, 'rc-' is 'root cause,' 'dc-' is 'drug class,' 'sy-'
is 'symptom,' and 'di-' is 'drug instance.'

The 'Urinary Incontinence Explainer' takes the contents
of this object group and generates the HTML output
which is sent back to the clinician via the CGI-MBTA
interface program. The explanation model used by
MBTA is a combination of canned phrases, procedural
logic, and a set of general rules for combining words,
phrases, and paragraphs into coherent text. Our general

approach to text production is adapted from P. Miller's
PROSENET system for generating polished prose us-
ing the contents of a set of frames [14].

Operational Model
MBTA follows a client-server model, whose basic

features are shown in Figure 3. An MBTA client,
such as a clinical workstation, makes an initial connec-
tion to a resource server. Typically, there is a single
resource server for each MBTA site whose primary
purpose is authentication. Once authentication has oc-
curred, the client requests connection to a collection
of modules, explainers, and object groups known as
a session server. A session server is a program com-
prised of a group of modules that have been combined
with an MBTA front end which handles communica-
tions with the client and other MBTA servers. The
client then communicates with the session server by
sending it commands, and receiving replies and error
messages. Each MBTA client uses a simple protocol
to communicate with MBTA servers.

Dealing with Guideline Ambiguity
One important problem which we have encountered

when implementing guidelines is dealing with incom-
plete or ambiguous guideline items. For example,
smoking is considered a risk factor in the cholesterol
guidelines, but it is not specified how long a patient
must have quit smoking for this to no longer be a fac-
tor. A similar example is how long lab values are
considered valid. Our approach to this problem is to
determine these ambiguous and incompletely specified
items and provide a set of clarifying defaults. These
defaults are isolated in a type of object group known as
a tunable. We also determine guideline specific param-
eters which are candidates for customization and also
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place these in the tunable. The tunable for our choles-
terol risk factor module (denoted as 'T3' in Figure 1)
is represented as:

object-group Cholesterol-Risk-Factors-Tunable {
object time-lab-is-valid = O<t:5 years>;
object time-from-tobacco-use = O<t:l year>; }

In this example, we have defined parameters for the
length of time a lab is considered valid, and the amount
of time after a patient quits smoking that smoking is
still a risk factor. The initial tunable with its default
values is created at the time the module is designed.
Individual clinical workstations can override all or part
of a tunable to adapt it for a particular environment.

RESEARCH DIRECTIONS
We believe that the MBTA architecture provides

a good foundation for integrating knowledge-based
guideline access with both clinical workstations and
WWW browsers. Our current focus is integrating
MBTA with the computer-based patient record be-
ing developed in our lab. We are deriving a clini-
cal database to object group mapping system, as well
as considering methods for implementing feedback to
clinical workstations from MBTA. Since many parts
of the system exist as C++ library functions, another
goal is to make higher level interfaces, especially in
the area of explainers. We are developing a syntax for
expressing explainers, and a translator to convert this
syntax into C++.
Our efforts have emphasized a number of general

problems with translating current practice guidelines
for use with electronic medical record systems. Be-
cause feedbacks and alerts generated by clinical infor-
mation systems have been shown to be a viable method
of increasing the impact of practice guidelines, it is
important for groups which create guidelines to real-
ize that their recommendations may be integrated into
electronic medical record systems and design guide-
lines in an unambiguous fashion.
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